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Abstract

Objective: Feedback to clinicians on their past performance is
often aimed at increasing adherence to guidelines. We inves-
tigate how various analytical approaches influence the inter-
pretation of adherence data. The analytical approaches vary
in considering the actual or the intended use of the feedback,
and whether outcomes are inspected over time. Material and
Methods: At base line, a computerized decision support sys-
tem was employed at the ICU bedside to increase adherence
to a mechanical ventilation strategy. We intervened by provid-
ing feedback about adherence to the guideline at the daily
ward rounds. The outcome measure was the percentage of
ventilation time (V) in excess of the guideline’s recommenda-
tion. Actual usage of the feedback was logged and data analy-
sis was carried out using two approaches: classical statistics,
and statistical process control (SPC) that inspect progress of
an outcome over time. Design: Prospective, before/after
studly.

Results: The classical analysis stated that the percentage of
ventilation time in excess of the guideline’s recommendation
decreased significantly due to the feedback (5% reduction,
p<0.001). When SPC analysis of the outcome was applied, the
effect was deemed not significant. When the actual delivery of
feedback over time was also included it showed that the ex-
periment does not allow for conclusive results. Conclusions:
The concluded effect of providing feedback on adherence to a
guideline depends on whether the actual usage pattern of the
feedback and the inspection of the outcome over time are con-
sidered. Future evaluative studies should report on usage
patterns and progression of outcomes over time.
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Introduction

Mechanical ventilation (MV) is one of the most important life
supporting facilities in intensive care units (ICUs) [1]. Several

complications, however, have been associated with the use of
MYV and various guidelines are used to limit the tidal volumes
(V) applied to patients [2-4]. Such guidelines rely mainly on
the predicted body weight (PBW) of the patient, which relies
on the patient’s height and gender.

Receiving too large Vr, however, is still the norm rather than
the exception [5]. Explanations for this include the use of ac-
tual bodyweight instead of PBW, reluctance to accept poten-
tial hypercarbia and/or perceived increased sedation needs,
and lack of knowledge [6-9]. In addition, it can be hypothe-
sized that implementation of lower Vr is hampered by the fact
that at times large Vs are simply left unrecognized.

Like in other settings, a clinical computerized decision sup-
port system (CDSS) can potentially contribute to increasing
adherence to this guideline. We have hence implemented a
CDSS at the bedside to alert physicians when the patient had a
higher V7 than the guideline prescribes. In this paper we con-
sider, aside from the bedside decision support, the effects of
adding feedback on adherence at ward rounds, as they form a
notable hospital context in which staff members work as a
group [10]. In the sequel we refer to this ward round feedback
as the “intervention”, which itself can also be considered a
form of decision support but provided in a new context. The
objective of this paper is to contrast the results of three ways
to analyze the data on he intervention: (A1) Using the tradi-
tional statistical approach, which is very common in the litera-
ture, (A2) applying the time-oriented approach of statistical
process control (SPC), and (A3) Adding to A2 the patterns on
actual usage of the feedback during the intervention period.

Materials and Methods

Study design

We performed a prospective before-after evaluation study on
applied Vs to examine the impact of providing feedback at
ward rounds on adherence (the intervention) to our local MV—
protocol. The experiment was conducted during 2 consecutive
phases in a 30-bed mixed medical-surgical ICU of a univer-
sity hospital in the Netherlands.
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Patient Data Management System

Since 2002, our ICU uses a commercial Patient Data Man-
agement System (PDMS, Metavision, iMDsoft, Sassenheim,
The Netherlands). The PDMS is a point—of—care clinical in-
formation system, which runs on a Microsoft Windows plat-
form and includes computerized order entry, automatic data
collection, clinical documentation, electronic medication ad-
ministration record, and a data storage repository. Mechanical
ventilators are connected to the PDMS and all respiratory pa-
rameters are recorded every minute in the PDMS—database.
Clinicians can see all fields related to artificial respiration,
including applied Vs, by clicking on “respiratory tabs” in the
PDMS.

Mechanical ventilation

The vast majority of patients are orotracheally intubated or do
have a tracheotomy for MV; non—invasive MV is seldom ap-
plied. A written MV-protocol is available for all ICU-
members, both on the intranet, and in printed form. In short,
this protocol advises pressure—controlled (PC)-MV or pres-
sure support (PS)-MV in all patients. There is a clear recom-
mendation on Vi settings, stating that Vs have to be as low
as 6 ml/kg PBW in all patients, irrespective of the presence of
acute lung injury. With pressure—controlled (PC)-MV or pres-
sure-support (PS)-MV, Vs are influenced by the applied air-
way pressures as well as the compliance of the patient’s respi-
ratory system. As compliance may change over time, health-
care workers need to continuously adjust the inspiratory pres-
sure [11].

Recommended tidal volume

To calculate the recommended V1 (ml), the PBW (kg) is mul-
tiplied by 6. PBW was calculated by the following formula: in
men, PBW = 50 + 0.91 * (height in centimeters — 152.4); in
women, PBW =45.5+0.91 * (height in centimeters — 152.4).

Ward round

The ward-round team consists of all ICU physicians and resi-
dents with possible additional specialists from other hospital
wards like microbiologists or surgeons. The ward-round team
has a meeting everyday to review patient progress. The PDMS
is used to represent the patient conditions, complications and
treatment plans. Patients are selected one by one and the re-
lated data are displayed by a beamer. The ward-round team
discusses and reviews the patient charts, and decides upon the
patients’ treatment plan.

Intervention

At baseline, before the intervention, when an ICU—physician
or ICU-nurse selected the “respiratory page” in the PDMS,
the recorded V1, maximum pressure (Pmax) and PEEP during
the previous 60 minutes were queried. The system calculated
the percentage of time that Vi was above the guideline rec-
ommended V. If the pressure support level was at its mini-
mal value, the Vi was rendered “in range Vi”. If V; was
above the guideline recommended Vr for more than 25% (15
minutes) of the previous 60 minutes, a pop—up window was
shown displaying the guideline, patient’s height, gender,
PBW, as well as the percentage of time in which Vy was

above 6 ml/kg PBW. In order not to disturb the users and to
give them time to correct Vi, Vs were again queried and
checked after at least two hours. The duration of this phase
was almost 16 weeks.

In the intervention phase, in addition to showing the CDSS
messages at the bedside, the daily ward round was used to
display a list of the patients showing per patient the percent-
age of time in which V; was above 6 ml/kg PBW. Patients
with percentages below 25% were marked in green, percent-
ages between 25-75% in yellow and above 75% in red. The
duration of the intervention was also almost 16 weeks.

Usage of feedback

Although the feedback intervention was intended to be pro-
vided daily at the ward round, we logged its actual use: when-
ever the system displayed feedback at the ward round a record
was created in the system to indicate this fact.

Qutcome measures

The first outcome measure was the percentage of ventilation
time in which the Vi was > 6 ml/kg PBW [4]. Mean V7 in
excess of 6 ml/kg PBW over time was also measured. We
considered all Vi measurements < 6 ml/kg PBW as if they
were 6 ml/kg PBW. The third outcome was frequency of V¢
measurements < 6 ml/kg PBW. The unit of analysis is the V1
observation (not the patient).

Patients

This study included all ICU—patients who were mechanically
ventilated for more than 24 hours in the ICU [5], were not on
Adaptive Support Ventilation (which does not allow changes
of Vr—settings by healthcare workers) and did not participate
in other respiratory trials in which V was manipulated. Vs <
150 ml or >1500 ml were excluded as these were most likely
measurement errors. When pressure support was at the lowest
level, the measurement was considered correct (i.e., not in
excess of 6 ml/kg PBW) regardless of its value.

Subgroups

We split up the whole ventilation time into spontaneous mode
(pressure support ventilation [PSV]) and non-spontaneous
mode (pressure control ventilation [PCV]).

Traditional statistical approach

Categorical variables in the before and after intervention
groups were compared by X testing, and continuous variables
were compared by Student’s 7 test or Mann-Whitney testing as
appropriate. A p—value<0.05 was considered significant.

Statistical Process Control (SPC)

SPC and its primary tool — the control chart - is a branch of
statistics that combines rigorous time series analysis methods
with graphical data presentation, often yielding insights into
the data more quickly and in a more understandable way than
other statistical techniques [12-14]. Control charts can distin-
guish between common and special cause of variation. With
common cause variation (noise), the variation is inherent in
the process itself and the process is stable and predictable
within certain limits. Special cause variation signifies that the
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process is no longer stable or predictable and has changed (for
better or worse). A control chart includes a plot of the data
over time with three additional lines — the center line (usually
the mean) and an upper and lower control limits, typically set
at £3 standard deviations (SD) from the mean. When the data
points are, without any special pattern, within the control lim-
its then the process is “in control” and stable. There are sev-
eral rules that indicate when a special cause variation or spe-
cial pattern has occurred on a control chart. We used the fol-
lowing four common rules [14]: one or more points above or
below the control limit; a run of seven or more points on one
side of the center line; two out of three consecutive points
appearing beyond 2 SD on the same side of the center line; a
run of seven or more points all trending up or down.

For analysis we used the X-MR chart (and not the attribute
chart) due to the large size of observations per time point and
the increased chance of false positive results [14-16]. Our
chosen quality indicators (for guideline adherence) were cal-
culated per two weeks, in order to allow for an adequate num-
ber of points, and plotted as points on the X—-MR chart.

Results

Patients

During the study period 3,434,268 Vi—records (2,243,862 in
the pre-intervention period vs. 1,190,406 in the intervention
period) of 352 ventilated patients (202 vs. 150) were ana-
lyzed. Patient characteristics (age, height, severity of illness
etc) before and after the intervention were similar.

Usage

In the first 5 weeks after the intervention the patients’ list with
the percentage of time in which V was above 6 ml/kg PBW
was shown (35 times). After the fifth week, the CDSS was
triggered only 1-2 times per week in the ward round (10 times
in weeks 5-10, and 8 times in weeks 10-16 weeks).

Tidal volumes

Table 1 shows the outcome measures before and after the in-
tervention. Using the traditional statistical approach the per-
centage of ventilation time with V in excess of 6 ml/kg PBW
was shown to decrease significantly after intervening (5%
reduction, p < 0.001). The average volume in excess of 6
ml/kg PBW remained the same after intervention.

Figure 1 shows the distribution of V1 (ml/kg PBW) by 0.25
ml/kg PBW in the two phases. The decrease in the percentage
of time with V1 < 6 ml/kg PBW seems to come at the expense
of the percentage of time with V1 between 6-8 ml/kg PBW,
which decreased after the intervention.

Table 1 - Outcome measures reported for patients
with >24 hours MV.

Mode Intervention Before | After )/
Mean ofeécesswe 13+1.7 | 1.3£1.7 | ns™
= Vi
< % of time > 6ml/kg .
PBW 54 51 <.001
g S Mean of excessive 15¢18 | 1.541.8 ns
= Vi
e
g 2 | % oftime > 6ml/kg
&2 PBW 58 54 <.001
g S | Mean of excessive 0811 | 0.8412 ns
é < Q VT
£ic
2 @ | % of time > 6ml/kg
2 s
=32 PBW 43.5 44 ns

“chi square, “"Student’s ¢ test, “Excessive Vy is tidal volume in ex-
cess of 6 ml/kg PBW over the whole phase. “To calculate this per-
centage we tolerated a discrepancy of 10% above the protocol's sug-
gestion (i.e. 6.6 ml/kg PBW) before considering a measurement as
being in excess of 6 ml/’kg PB

Tidal volumes in (non)spontaneous ventilation mode

Table 1 also shows the outcome measures separately for spon-
taneous and non-spontaneous ventilation time. Surprisingly
the overall effect of the intervention on spontaneous ventila-
tion mode was larger than in the non-spontaneous mode. Re-
sults indicate that showing the patients’ Vr information in the
ward round did not change the percentage of ventilation time
in excess of 6 ml/kg PBW during the non-spontaneous venti-
lation time. On the other hand, during the spontaneous venti-
lation time, the percentage of ventilation time with Vy in ex-
cess of 6 ml/kg PBW decreased after intervention (7% reduc-
tion, p <0.001).

344 , . cDss

o CDSS + Meeting
33
32 q
31

30 1

% Measurments

V1 (mi/kg PBW by 0.25 mli/kg PBW groups)

Figure 1 - Vr distribution (PSV mode).
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Results based on statistical process control

Figure 2 shows control charts of the main outcome measures,
also separately for spontaneous and non-spontaneous ventila-
tion. In contrast to the traditional statistical methods, the con-
trol chart showed that the process did not change significantly
after the intervention. Also in contrast to classical tests, the
reduction pattern after intervention was only shown in the
non-spontaneous mode.

Incorporating data on feedback usage

The control charts showed that the percentage of ventilation
time with Vr in excess of 6 PBW did decrease steadily during
the first 5 weeks but again increased and eventually became
stable (The letter “A” in Figure 2 indicates the subgroup of
measurements collected in week 5 and week 6). Our data on
actual usage of feedback revealed that in these first 5 weeks
the feedback delivery was provided daily, as intended. The
increase afterwards in the outcome (indicating decrease in
adherence to the guideline) is paralleled by the diminished use
of feedback during the intervention.

1o Overall

Intervention

1.3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Intervention

T T T T T T T T T
1.3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

linterve ntion

0.8 - |
+

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Time (week)

Figure - 2 Control charts of percentage of time > 6ml/kg
PBW (overall, during spontaneous (PSV) and non-
spontaneous (PCV) mechanical ventilation)

Discussion and Conclusion

Interpreting data pertaining to the effects of providing feed-
back concerning the performance of clinicians on adherence
to a guideline provided three different pictures. In the tradi-
tional approach one would have concluded that the effect of
our intervention was significant. If one takes into account the
progression in the outcome measure over time but disregards
the patterns of actual feedback delivery (and hence use) then
the conclusion is that the intervention was not effective. If one
in addition considers the usage pattern of the feedback then a
nuanced picture emerges: as long as the feedback was pro-
vided daily, as planned, a decreasing pattern in the main out-
come was observable. Once the frequency of feedback deliv-
ery has dropped the outcome started increasing again.

To understand the results it is important to point out the ambi-
guity of the term “intervention”. There is the intended inter-
vention (providing feedback daily) and the actual intervention
(as was actually provided). Based on our experiments, it
would seem too hasty to conclude that there is sufficient evi-
dence (in terms of statistical significance) that our 16 weeks
actual intervention was effective. An inspection of the SPC
charts reveals why it arrived at a different conclusion than
classical statistical tests: an apparent initial increase is coun-
terbalanced by an increase in the sequel. Being sensitive to
temporal progression, SPC is reluctant to declare statistical
significance of this actual intervention (with reduced intensity
of the feedback over the weeks). We believe that the SPC’s
prudent interpretation should prevail. By the same token con-
cluding that the intended intervention is not effective is also
unfounded. This is because this intended intervention was not
implemented. The correct interpretation of the results is that
the intended intervention does not enjoy enough quantitative
support yet (as the usage pattern shows it was not imple-
mented). However, inspecting the patterns of decrease in the
first 5 weeks and “bouncing back” afterwards does provide
qualitative evidence to the possible effectiveness of this inter-
vention, which should be more properly implemented.

The same logic applies to subgroup analysis. While the con-
trol charts showed that the percentage of time > 6ml/kg PBW
in the spontaneous mode was stable after the intervention, the
traditional approach declared statistical significance.

There are two lessons (serendipitously) learned from our case-
study for medical informaticians evaluating effects of IT in-
terventions, such as decision support, on some (quality) indi-
cator. First, measuring the progression over time of an indica-
tor may suggest a different (and better) interpretation of the
results than when time is not taken into account. The advan-
tages of this interrupted time-series design is described in
[17]. Second, measuring actual usage of an intervention may
influence the interpretation of the results. These lessons are
important because most of the medical informatics literature
reports on results using the traditional approach. The few
studies that did apply SPC analysis usually do not consider the
possible difference between intended and actual use of the
intervention.
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Our results stress the importance of reporting or at least re-
flecting on the possible influence of a time-oriented approach
and the CDSS usage on the results. After all, our study could
have been reported in three incompatible ways.
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